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6. �����	
 

 
 
1.   
��	
������	����������������������

��� �����	
��
����� Nakamura ��� Ikawa  
       (1993) 

	!�"
���#	�!$#!
�%!&'&'
�
� 

1. "
���#)��*+*���+�,#�'&'
�
� 0.02, 0.04, 0.06, 0.08, ��� 0.1 µmole 5&6!����!�       
#!
�%!& 1.0 #
��
�

� 7*�5896!����!� 0.2 #
��
7#�!�� KNO2  

2. "

# 1% (w/v) sulfanilamide 5& 1.5 7#�!�� HCl 0.5 #
��
�

� 
3. +G!5)9"	
*6�7*�"

# 0.002% (w/v)N-(1-napthyl) ethyllenediamine.2HCl "��M!5)9"�9!

	N& �!�'�9 20 &!+� 
4. �M!&OM!	!�*P*	�Q&�6�+�,O�!#�!�O�Q,& 540 &!7&"#
� 
 
	!��N*��O

�

����"�&'R#�'&"
�
��*N	"+6 

6!�S6#6G!)�NT	!�+G!�U
	
�
�! ���	�T*9��  
 

6M�&���	�T ��
#!
�5&	!��
"O�!�)� (ml) Blank (ml) 
&WG!	�N,& 0.4 0.7 
1.0 M Tris-HCl buffer pH 
7.5 

0.1 0.1 

0.1 M KNO3 0.1 0.1 
sample 0.3 - 
   
1. "�
,#�U
	
�
�!7*�"

# 1.0 #
��
7#�!�� NADH 0.1 #
��
�

� 589"��!5&	!�+G!�U
	
�
�! 10, 

20, 30 ��� 40 &!+� 
2. )��*�U
	
�
�!7*�"

# 1% (w/v) sulfanilamide 5& 1.5 7#�!�� HCl 0.5 #
��
�

� 
3. +G!5)9"	
*6�7*�"

# 0.002% (w/v)N-(1-napthyl) ethyllenediamine.2HCl "��M!5)9"�9!

	N& �!�'�9 20 &!+� 
4. �M!&OM!	!�*P*	�Q&�6�+�,O�!#�!�O�Q,& 540 &!7&"#
� 
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2.  
��������� !����� 

         �N*��
#!^7��
�&7*������	
��
����� Lowry ���O^� (1951) R`,�589 bovine 
serum albumin "�a&7��
�&#!
�%!& O�!#"�9#�9& 2 #
��
	�N#
M�#
��
�

� &G!#!56M)��*
+*���5)9#�7��
�&��
#!^ 20, 40, 60, 80, 100 ��� 120 '#7O�	�N# ��NT��
#!
�*9��&WG!	�N,&
5)9'*9 0.1 #
��
�

�
M�)��*	!�6�9!�	�!$#!
�%!&7��
�& 

 

6M�&���	�T ��
#!
�5&	!��
"O�!�)� 
(ml) 

Blank (ml) 

&WG!	�N,& - 0.1 
6!����!�7��
�&#!
�%!& 0.1 - 
10%Deoxycholate 0.4 0.4 
2%Na2CO3 5& 0.1 N NaOH 3.0 3.0 
1%CuSO4+2%Na/K tartrate 0.1 0.1 

         
         "��M!5)9 "�9!	N&  
NW �+
W � '�9+�,��^)fP#
)9��  10 &!+�  "

#6!����!� Folin 
Ciacalteuhs phenol reagent 5&&WG!	�N,& (1:1) 0.3 #
��
�

� "��M!5)9"�9!	N&�!�+
W�'�9 30 &!+� 
&G!'��M!&OM!	!�*P*	�Q&�6�+�,O�!#�!�O�Q,& 600 &!7&"#
� 
 

	!�)!��
#!^7��
�&k!	6!�
N���M!� 
         "kQ�k!�7��
�&5&6!�
N���M!�*9��&WG!	�N,&5)9'*9��
#!^7��
�&��PM5&8M�� 20-
100 '#7O�	�N#
M�#
��
�

� &G!#!56M)��*+*�����9�)!��
#!^7��
�&"8M&"*���	NT	!��N*
��
#!^7��
�&#!
�%!& 
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H2SO4 OH 

COOH 

 
3. 
��	
������ ������ 7*������	
��
����� Cataldo ���O^� (1975) 

	!�"
���#	�!$#!
�%!&'&"
�
 

 "
���#)��*+*���+�,#� KNO3 "�9#�9& 0.1, 0.2, 0.3, 0.4, 0.5, 0.6 ��� 0.7 '#
7O�7#�
M� 0.2 #
��
�

� k!	6!����!� 5 #
��
7#�!��  KNO3 

 

6M�&���	�T ��
#!
�5&	!��
"O�!�)� 
(ml) 

Blank (ml) 

&WG!	�N,& - 0.2 
KNO3 O�!#"�9#�9&
M!�l 0.2 - 
5% Salicylic acid 5& 
conc. H2SO4 

0.8 0.8 

        
 
NW�+
W�'�9+�,��^)fP#
)9�� 20 &!+� k!	&NW&"

# 4 &���#�� NaOH 9.5 #
��
�

� 
"��M!5)9"�9!	N& 
NW�+
W�'�9k&	�M!6!����!�5&)��*k�"�m&�� &G!'��N*OM!	!�*P*	�Q&�6�+�,O�!#
�!�O�Q,& 410 &!7&"#
� 
 

	!��N*��
#!^'&"
�
5&6!����!�
N���M!� 

         &G!6!����!�
N���M!�+�,
9��	!��N*#!"kQ�k!�*9��&WG!	�N,&+�,	G!kN*'���&��9�5)9
'*9��
#!^  '&"
�
��PM5&8M�� 0.1-0.5 '#O�7#�
M� 0.2 #
��
�

� &G!#!56M)��*+*�����9�)!
��
#!^'&"
�
 "8M&"*���	NT	!�+G!	�!$#!
�%!&'&"
�
 

 
 
 
 
 
Salicylic acid  	�*'&
�
	           Nitrosalicylic acid 
 

 

COOH 

OH 

+ HNO3 

NO2 

+ H2O 

�P�+�, 37. �U
	
�
�!	!�"	
* nitrosalicylic acid k!	salicylic acid 	NT nitrate  5& 
              6f!��"�a&	�*��M!���� (6#nN	*
o #^�p�q�, 2537) 
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 6P
��!)!� BG-11 6G!)�NT"p!�"��W��6!)�M!� 
 589�!)!�6P
� BG-11 (p
#p��^ 
N&6	��, 2534) 7*�"
���#"�a& stock O�!#
"�9#�9& 20 "+M!"#Q,�k�589 k`�&G!#!"kQ�k!� ��NT pH 5)9'*9 7.4���sM!"8QW�*9�� Autoclave +�,
��^)fP#
 121 ��n!"R�"R��6 O�!#*N& 15 ��&*�
M�
!�!�&
W� "�a&"��! 15 &!+� 
 

�������# 6.1  6P
��!)!� BG-11 (p
#p��^ 
N&6	��, 2534) 
 

6!�"O#� O�!#"�9#�9& (g/l) 
NaNO3 15.0 
K2HPO4 0.4 
MgSO4.7H2O 0.75 
CaCl2.2H2O 0.36 
Citric acid 0.06 
Ferric ammonium citrate 0.06 
EDTA disodium magnesium salt 0.01 
Na2CO3 0.02 
Trace metal mix A5 1.0 ml 

 

 "

#�!
��!)!�")�M!&�W��5& Deionized water 1,000 #
��
�

� ��NTOM!O�!#
"�a&	�*-*M!�"�a& 7.4 &G!'�sM!"8QW�7*�589 Autoclave O�!#*N&'� 15 ��&*�
M�
!�!�&
W� 121 
��n!"R�"R��6 "�a&"��! 15 &!+� 
�������# 6.2  6M�&���	�T��� Trace metal mix A5 
 

6!�"O#� O�!#"�9#�9& (g/l) 
H3BO4 28.6 
MnCl2.4H2O 18.1 
ZnSO4.7H2O 2.22 
NaMoO4.2H2O 3.9 
CuSO4.5H2O 0.079 
Co(NO3) 2.6H2O 0.494 
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�������# 6.3  �N
�!	!�"

T7
���6!)�M!� (�N*7*��
���N*OM!	!�*P*	�Q&�6�+�,O�!#�!�  
   O�Q,& 560 &!7&"#
�) "p!�"��W��*9���!)!�6P
�*N*���� BG-11 +�,#�O�!#"�9#�9& 
   '&"
�
 17 (1.5 	�N#
M��

�), 35 (3.0 	�N#
M��

�) ��� 53 #
��
7#�!�� (4.5 	�N# 
  
M��

�) f!�5
9O�!#"�9#�6� 175 µmole m-2 s-1    
 

[ NaNO3] 
 

�N&+�,+*��� 

 
17 mM 

 
35 mM 

 
53 mM 

0 0.019 ± 0.002a 0.012 ± 0.001a 0.012 ± 0.002a 
1 0.071 ± 0.002b 0.053 ± 0.008b 0.065 ± 0.006b 
2 0.385 ± 0.035c 0.355 ± 0.035c 0.365 ± 0.049c 
3 0.845 ± 0.106d 0.810 ± 0.098d 0.855 ± 0.148d 
4 1.400 ± 0.141 e 1.550 ± 0.098e 1.450 ± 0.071e 
5 1.800 ± 0.141f 1.850 ± 0.021f 1.900 ± 0.000f 
6 2.100 ± 0.000g 1.900 ± 0.028g 1.800 ± 0.141g 
7 2.050 ± 0.121h 1.250 ± 0.035hh 1.210 ± 0.092hh 

 
h, h h �6*�O�!#�
	
M!�����9�#P�5&�N&+�, 7 ���	!�"p!�"��W��+�,��*NTO�!#"8Q,�#N,& 95% 
�
"O�!�)�O�!#�
	
M!�����9�#P�5&�{�"*���	N& 

N��N	q�+�,�
	
M!�	N&�6*�O�!#�
	
M!�����9�#P�+�,O�!#"8Q,�#N,& 95% 
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�������# 6.4  �N
�!	!�"

T7
���6!)�M!� (�N*7*��
���N*OM!	!�*P*	�Q&�6�+�,O�!#�!� 
 O�Q,& 560 &!7&"#
�) "p!�"��W��*9���!)!�6P
�*N*���� BG-11 +�,#�O�!#"�9#�9& 
 '&"
�
 0, 5.9 (0.5 	�N#
M��

�), 11.7 (1.0 	�N#
M��

�) ��� 17 #
��
7#�!��  
 (1.5 	�N#
M��

�) f!�5
9O�!#"�9#�6� 175 µmole m-2 s-1    

 

[NaNO3] 
 

�N&+�,+*��� 

 
0 mM 

 
5.9 mM 

 
11.7 mM 

 
17 mM 

0 0.020 ± 0.005a 0.020 ± 0.000a 0.020 ± 0.000a 0.020 ± 0.000a 
1 0.033 ± 0.005b 0.030 ± 0.000b 0.030 ± 0.007b 0.030 ± 0.000b 
2 0.033 ± 0.005c 0.16 0± 0.021cc 0.180 ± 0.021cc 0.160 ± 0.049cc 
3 0.030 ± 0.008d 0.400 ± 0.084dd 0.450 ± 0.070dd 0.530 ± 0.000dd 
4 0.023 ± 0.015e 0.780 ± 0.084ee 0.920 ± 0.035ee 0.890 ± 0.000ee 
5 0.013 ± 0.009f 1.250 ± 0.078ff 1.320 ± 0.064ff 1.310 ± 0.000ff 
6 0.015 ± 0.010g 1.670 ± 0.007 gg 1.850 ± 0.086gg 1.650 ± 0.000gg 
7 0.015 ± 0.013h 2.130 ± 0.014 hh 1.990 ± 0.049hh 2.050 ± 0.007hh 
8 0.015 ± 0.006i 2.210 ± 0.057ii 1.830 ± 0.146ii 1.990 ± 0.014ii 

 
c,  cc    �6*�O�!#�
	
M!�����9�#P�5&�N&+�, 2 ���	!�"p!�"��W��+�,��*NTO�!#"8Q,�#N,& 95% 

d,  dd  �6*�O�!#�
	
M!�����9�#P�5&�N&+�, 3 ���	!�"p!�"��W��+�,��*NTO�!#"8Q,�#N,& 95% 
e,  ee  �6*�O�!#�
	
M!�����9�#P�5&�N&+�, 4 ���	!�"p!�"��W��+�,��*NTO�!#"8Q,�#N,& 95% 
f,  ff   �6*�O�!#�
	
M!�����9�#P�5&�N&+�, 5 ���	!�"p!�"��W��+�,��*NTO�!#"8Q,�#N,& 95% 
g, gg �6*�O�!#�
	
M!�����9�#P�5&�N&+�, 6 ���	!�"p!�"��W��+�,��*NTO�!#"8Q,�#N,& 95% 
h, hh �6*�O�!#�
	
M!�����9�#P�5&�N&+�, 7 ���	!�"p!�"��W��+�,��*NTO�!#"8Q,�#N,& 95% 
i, ii �6*�O�!#�
	
M!�����9�#P�5&�N&+�, 8 ���	!�"p!�"��W��+�,��*NTO�!#"8Q,�#N,& 95% 
�
"O�!�)�O�!#�
	
M!�����9�#P�5&�{�"*���	N& 

N��N	q�+�,�
	
M!�	N&�6*�O�!#�
	
M!�����9�#P�+�,O�!#"8Q,�#N,& 95% 
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�������# 6.5  �N
�!	!�"

T7
���6!)�M!� (�N*7*��
���N*OM!	!�*P*	�Q&�6�+�,O�!#�!� 
 O�Q,& 560 &!7&"#
�) "p!�"��W��*9���!)!�6P
�*N*���� BG-11 +�,#�O�!#"�9#�9& 
 '&"
�
0.25, 0.5 ��� 1.0 #
��
7#�!�� f!�5
9O�!#"�9#�6� 175 µmole m-2 s-1    
 

[ NaNO3] 
 

�N&+�,+*��� 

 
500 µM 

 
1000 µM 

 
2000 µM 

0 0.055 ± 0.006a 0.065 ± 0.008a 0.055 ± 0.007a 
1 0.085 ± 0.005b 0.100 ± 0.006bb 0.100 ± 0.005bb 
2 0.140 ± 0.006c 0.250 ± 0.009cc 0.280 ± 0.009ccc 
3 0.468 ± 0.006d 0.665 ± 0.019dd 0.768 ± 0.024ddd 
4 0.768 ± 0.014e 1.048 ± 0.054ee 1.218 ± 0.060eee 
5 0.572 ± 0.049f 1.253 ± 0.091ff 1.588 ± 0.104fff 
6 0.503 ± 0.084g 1.245 ± 0.112gg 1.973 ± 0.129ggg 
7   1.845 ± 0.152h 

 

b, bb �6*�O�!#�
	
M!�����9�#P�5&�N&+�, 1 ���	!�"p!�"��W��+�,��*NTO�!#"8Q,�#N,& 95% 
c, cc, ccc  �6*�O�!#�
	
M!�����9�#P�5&�N&+�, 2 ���	!�"p!�"��W��+�,��*NTO�!#"8Q,�#N,& 95% 

d, dd,ddd  �6*�O�!#�
	
M!�����9�#P�5&�N&+�, 3 ���	!�"p!�"��W��+�,��*NTO�!#"8Q,�#N,& 95% 
e, ee, eee  �6*�O�!#�
	
M!�����9�#P�5&�N&+�, 4 ���	!�"p!�"��W��+�,��*NTO�!#"8Q,�#N,& 95% 
f,  ff, fff   �6*�O�!#�
	
M!�����9�#P�5&�N&+�, 5 ���	!�"p!�"��W��+�,��*NTO�!#"8Q,�#N,& 95% 
g, gg, ggg �6*�O�!#�
	
M!�����9�#P�5&�N&+�, 6 ���	!�"p!�"��W��+�,��*NTO�!#"8Q,�#N,& 95% 
�
"O�!�)�O�!#�
	
M!�����9�#P�5&�{�"*���	N& 

N��N	q�+�,�
	
M!�	N&�6*�O�!#�
	
M!�����9�#P�+�,O�!#"8Q,�#N,& 95% 
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�������# 6.6  �N
�!	!�"

T7
���6!)�M!� (�N*7*��
���N*OM!	!�*P*	�Q&�6�+�,O�!#�!� 
 O�Q,& 560 &!7&"#
�) "p!�"��W��*9���!)!�6P
�*N*���� BG-11 +�,#�O�!#"�9#�9& 
 '&"
�
 1.0 #
��
7#�!�� f!�5
9O�!#"�9#�6� 175 µmole m-2 s-1   +�,��^)fP#
 25,  
 35, 40 ��� 45 ��n!"R�"R��6 
 

��^)fP#
 
          (oC) 
�N&+�,+*��� 

 
25 

 
35 

 
40 

 
45 

0 0.062 ± 0.004a 0.063 ± 0.00a 0.067 ± 0.00a 0.062 ± 0.004a 
1 0.215 ± 0.008b 0.210 ± 0.018b 0.130 ± 0.006b 0.055 ± 0.005b 
2 0.957 ± 0.028c 0.408 ± 0.015cc 0.163 ± 0.008ccc 0.065 ± 0.005cccc 
3 1.635 ± 0.130d 0.682 ± 0.026dd 0.245 ± 0.016ddd 0.055 ± 0.021dddd 
4 1.755 ± 0.178e 0.950 ± 0.030ee 0.380 ± 0.015eee 0.053 ± 0.018eeee 
5 1.930 ± 0.165f 1.197 ± 0.058ff 0.483 ± 0.048fff 0.125 ± 0.185ffff 

 
c, cc, ccc, cccc �6*�O�!#�
	
M!�����9�#P�5&�N&+�, 2 ���	!�"p!�"��W��+�,��*NTO�!#"8Q,�#N,& 95% 

d, dd,ddd, dddd �6*�O�!#�
	
M!�����9�#P�5&�N&+�, 3 ���	!�"p!�"��W��+�,��*NTO�!#"8Q,�#N,& 95% 
e, ee, eee, eeee �6*�O�!#�
	
M!�����9�#P�5&�N&+�, 4 ���	!�"p!�"��W��+�,��*NTO�!#"8Q,�#N,& 95% 
f,  ff, fff, ffff       �6*�O�!#�
	
M!�����9�#P�5&�N&+�, 5 ���	!�"p!�"��W��+�,��*NTO�!#"8Q,�#N,& 95% 
�
"O�!�)�O�!#�
	
M!�����9�#P�5&�{�"*���	N& 

N��N	q�+�,�
	
M!�	N&�6*�O�!#�
	
M!�����9�#P�+�,O�!#"8Q,�#N,& 95% 
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�������# 6.7  	!�*P*RNT'&"
�
���6!)�M!�+�,"p!�"��W��*9���!)!�6P
�*N*���� BG-11 +�,#� 
 O�!#"�9#�9&'&"
�
 1.0 #
��
7#�!�� f!�5
9O�!#"�9#�6� 175 µmole m-2 s-1   +�, 
 ��^)fP#
 25, 35, 40 ��� 45 ��n!"R�"R��6 
 

��^)fP#
 
           (oC) 
�N&+�,+*��� 

 
25 

 
35 

 
40 

 
45 

0 1.05 ± 0.07a 1.00 ± 0.00a 1.05 ± 0.007a 1.03 ± 0.00a 
1 0.80 ± 0.14b 0.75 ± 0.07b 0.90 ± 0.14b 1.03 ± 0.012b 
2 0.45 ± 0.07c 0.45 ± 0.07c 0.85 ± 0.07cc 1.01 ± 0.012cc 
3 0.10 ± 0.00d 0.15 ± 0.07d 0.75 ± 0.07dd 1.00 ± 0.011dd 
4 0.065 ± 0.02e 0.10 ± 0.00e 0.60 ± 0.14ee 1.00 ± 0.010eee 

 
c, cc, ccc �6*�O�!#�
	
M!�����9�#P�5&�N&+�, 2 ���	!�"p!�"��W��+�,��*NTO�!#"8Q,�#N,& 95% 

d, dd,ddd �6*�O�!#�
	
M!�����9�#P�5&�N&+�, 3 ���	!�"p!�"��W��+�,��*NTO�!#"8Q,�#N,& 95% 
e, ee, eee, eeee �6*�O�!#�
	
M!�����9�#P�5&�N&+�, 4 ���	!�"p!�"��W��+�,��*NTO�!#"8Q,�#N,& 95% 
�
"O�!�)�O�!#�
	
M!�����9�#P�5&�{�"*���	N& 

N��N	q�+�,�
	
M!�	N&�6*�O�!#�
	
M!�����9�#P�+�,O�!#"8Q,�#N,& 95% 
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�������# 6.8  	!���M��'&'
�
�5&�!)!����6!)�M!�+�,"p!�"��W��*9���!)!�6P
�*N*���� BG- 
 11 +�,#�O�!#"�9#�9&'&"
�
 1.0 #
��
7#�!�� f!�5
9O�!#"�9#�6� 175 µmole m-2  
 s-1   +�,��^)fP#
 25, 35, 40 ��� 45 ��n!"R�"R��6 

 

��^)fP#
 
          (oC) 
�N&+�,+*��� 

 
25 

 
35 

 
40 

 
45 

0 0.70 ± 0.495a 0.94 ± 0.089a 1.02 ± 0.082a 0.72 ± 0.035a 
1 2.44 ± 0.105b,bb 3.76 ± 0.179bb 2.70 ± 0.274b,bb 1.50 ± 0.140b 
2 8.14 ± 0.001c,cc 10.68 ± 0.242cc 3.50 ± 0.115c 2.14 ± 0.625c 
3 3.96 ± 0.076d 17.36 ± 0.135dd 8.14 ± 0.055ddd 2.54 ± 0.521d 
4 3.36 ± 0.305e 1.96 ± 0.126e 15.08 ± 0.974ee 1.94 ± 0.367e 

 
b, bb �6*�O�!#�
	
M!�����9�#P�5&�N&+�, 1 ���	!�"p!�"��W��+�,��*NTO�!#"8Q,�#N,& 95% 
c, cc  �6*�O�!#�
	
M!�����9�#P�5&�N&+�, 2 ���	!�"p!�"��W��+�,��*NTO�!#"8Q,�#N,& 95% 

d, dd,ddd �6*�O�!#�
	
M!�����9�#P�5&�N&+�, 3 ���	!�"p!�"��W��+�,��*NTO�!#"8Q,�#N,& 95% 
e, ee, eee  �6*�O�!#�
	
M!�����9�#P�5&�N&+�, 4 ���	!�"p!�"��W��+�,��*NTO�!#"8Q,�#N,& 95%  
�
"O�!�)�O�!#�
	
M!�����9�#P�5&�{�"*���	N& 

N��N	q�+�,�
	
M!�	N&�6*�O�!#�
	
M!�����9�#P�+�,O�!#"8Q,�#N,& 95% 
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�������# 6.9  6!)�M!�"p!�"��W��*9���!)!�6P
�*N*���� BG-11 +�,#�O�!#"�9#�9&'&"
�
 1.0 
#
��
7#�!�� f!�5
9O�!#"�9#�6� 120, 137, 152 ��� 452 µmole m-2 s-1    

 

O�!#"�9#�6� 
            (µmole m-2 s-1  ) 

 
 

�N&+�,+*��� 

 
120 

 
137 

 
152 

 
452 

0 0.022 ± 0.003a 0.025 ± 0.005a 0.023 ± 0.004a 0.021 ± 0.008a 
2 0.586 ± 0.179b 0.263 ± 0.013b 0.168 ± 0.011bb 0.159 ± 0.025bb 
3 1.333 ± 0.040c 0.845 ± 0.023c 0.333 ± 0.063cc 0.320 ± 0.054ccc 
6 1.571 ± 0.133d 1.621 ± 0.017d 1.001 ± 0.129dd 0.900 ± 0.023ddd 

 

b, bb �6*�O�!#�
	
M!�����9�#P�5&�N&+�, 2 ���	!�"p!�"��W��+�,��*NTO�!#"8Q,�#N,& 95% 
c, cc, ccc �6*�O�!#�
	
M!�����9�#P�5&�N&+�, 3 ���	!�"p!�"��W��+�,��*NTO�!#"8Q,�#N,& 95% 

d, dd,ddd �6*�O�!#�
	
M!�����9�#P�5&�N&+�, 6 ���	!�"p!�"��W��+�,��*NTO�!#"8Q,�#N,& 95%   
�
"O�!�)�O�!#�
	
M!�����9�#P�5&�{�"*���	N& 

N��N	q�+�,�
	
M!�	N&�6*�O�!#�
	
M!�����9�#P�+�,O�!#"8Q,�#N,& 95% 
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�������# 6.10  �N
�!	!�"

T7
���6!)�M!� (�N*7*��
���N*OM!	!�*P*	�Q&�6�+�,O�!#�!�O�Q,& 
560 &!7&"#
�) "p!�"��W��*9���!)!�6P
�*N*���� BG-11 +�,#�O�!#"�9#�9&'&
"
�
 1.0 #
��
7#�!�� f!�5
9O�!#"�9#�6� 137 µmole m-2 s-1   +�,"��M!���'#M
"��M! 

 
 

�N&+�,+*��� No shake Shake 
0 0.070 ± 0.006a 0.068 ± 0.004a 
1 0.148 ± 0.008b 0.238 ± 0.008bb 
2 0.272 ± 0.032c 0.545 ± 0.015cc 
3 0.445 ± 0.018d 0.915 ± 0.029dd 
4 0.713 ± 0.055e 1.36 ± 0.022ee 

 
b, bb �6*�O�!#�
	
M!�����9�#P�5&�N&+�, 1 ���	!�"p!�"��W��+�,��*NTO�!#"8Q,�#N,& 95% 
c, cc  �6*�O�!#�
	
M!�����9�#P�5&�N&+�, 2 ���	!�"p!�"��W��+�,��*NTO�!#"8Q,�#N,& 95% 

d, dd �6*�O�!#�
	
M!�����9�#P�5&�N&+�, 3 ���	!�"p!�"��W��+�,��*NTO�!#"8Q,�#N,& 95% 
e, ee  �6*�O�!#�
	
M!�����9�#P�5&�N&+�, 4 ���	!�"p!�"��W��+�,��*NTO�!#"8Q,�#N,& 95%  
�
"O�!�)�O�!#�
	
M!�����9�#P�5&�{�"*���	N& 

N��N	q�+�,�
	
M!�	N&�6*�O�!#�
	
M!�����9�#P�+�,O�!#"8Q,�#N,& 95% 
 
 
 
 
 
 
 
 
 
 



 

122 

�������# 6.11  	!�*P*RNT'&"
�
���6!)�M!�+�,"p!�"��W��*9���!)!�6P
�*N*���� BG-11 +�,#� 
 O�!#"�9#�9&'&"
�
 1.0 #
��
7#�!�� f!�5
9O�!#"�9#�6� 137 µmole m-2 s-1    
 +�,"��M!���'#M"��M! 
 

�N&+�,+*��� No shake Shake 
0 1.00 ± 0.014a 1.00 ± 0.020a 
1 0.745 ± 0.005b 0.896 ± 0.011b 
2 0.465 ± 0.002c 0.856 ± 0.007cc 
3 0.160 ± 0.007d 0.635 ± 0.004dd 
4 0.109 ± 0.004e 0.362 ± 0.007ee 
5  0.256 ± 0.006f 
6  0.078 ± 0.005g 

 
c, cc   �6*�O�!#�
	
M!�����9�#P�5&�N&+�, 2 ���	!�"p!�"��W��+�,��*NTO�!#"8Q,�#N,& 95% 

d, dd  �6*�O�!#�
	
M!�����9�#P�5&�N&+�, 3 ���	!�"p!�"��W��+�,��*NTO�!#"8Q,�#N,& 95% 
e, ee �6*�O�!#�
	
M!�����9�#P�5&�N&+�, 4 ���	!�"p!�"��W��+�,��*NTO�!#"8Q,�#N,& 95%  
�
"O�!�)�O�!#�
	
M!�����9�#P�5&�{�"*���	N& 

N��N	q�+�,�
	
M!�	N&�6*�O�!#�
	
M!�����9�#P�+�,O�!#"8Q,�#N,& 95% 
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�������# 6.12  	!���M��'&'
�
�5&�!)!����6!)�M!�+�,"p!�"��W��*9���!)!�6P
�*N*����  
 BG-11 +�,#�O�!#"�9#�9&'&"
�
 1.0 #
��
7#�!�� f!�5
9O�!#"�9#�6� 137  
 µmole m-2 s-1   +�,"��M!���'#M"��M! 
 

�N&+�,+*��� No shake Shake 
0 0.433 ± 0.0002a 0.367 ± 0.0001a 
1 0.416 ± 0.0003b 2.200 ± 0.0011bb 
2 7.070 ± 0.0010c 2.330 ± 0.0002cc 
3 6.760 ± 0.0006d 4.067 ±  0.0012dd 
4 1.600 ± 0.0000e 6.733 ± 0.0007ee 
5  6.067 ± 0.0008f 
6  0.400 ± 0.0002g 

 
b, bb �6*�O�!#�
	
M!�����9�#P�5&�N&+�, 1 ���	!�"p!�"��W��+�,��*NTO�!#"8Q,�#N,& 95% 
c, cc   �6*�O�!#�
	
M!�����9�#P�5&�N&+�, 2 ���	!�"p!�"��W��+�,��*NTO�!#"8Q,�#N,& 95% 

d, dd  �6*�O�!#�
	
M!�����9�#P�5&�N&+�, 3 ���	!�"p!�"��W��+�,��*NTO�!#"8Q,�#N,& 95% 
e, ee �6*�O�!#�
	
M!�����9�#P�5&�N&+�, 4 ���	!�"p!�"��W��+�,��*NTO�!#"8Q,�#N,& 95% 
�
"O�!�)�O�!#�
	
M!�����9�#P�5&�{�"*���	N& 

N��N	q�+�,�
	
M!�	N&�6*�O�!#�
	
M!�����9�#P�+�,O�!#"8Q,�#N,& 95% 
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�������# 6.13  OM!��O

�

����"�&'R#� NR "#Q,�"	mT"�&'R#�5&TN$"$���+�,#� glycerol "�9#�9& 0,  
 20, ��� 40 "����"Rm&
�  
 

Glycerol 
         (%) 

�N&+�,+*��� 

 
0 

 
20 

 
40 

1 0.51a 0 0 
2 3.16b 0.032 ± 0.00b 0.025 ± 0.021b 
3 4.45c 0.167 ± 0.024c 0.15 ± 0.00c 
4 4.84d 0.23 ± 0.00dd 0.15 ± 0.010ddd 
5 0.67e 0.85 ± 0.00ee 0.45 ± 0.00eee 
7 1.07f 0.98 ± 0.317ff 0.16 ± 0.00fff 
9 1.16g 1.21 ± 0.023gg 0.28 ± 0.071ggg 
16 0.2h 0.60 ± 0.177hh 0.21 ± 0.00hhh 
22 0.16i 0.40 ± 0.139ii 0.21 ± 0.035iii 

 
d, dd,ddd  �6*�O�!#�
	
M!�����9�#P�5&�N&+�, 4 ���	!�"p!�"��W��+�,��*NTO�!#"8Q,�#N,& 95% 
e, ee, eee  �6*�O�!#�
	
M!�����9�#P�5&�N&+�, 5 ���	!�"p!�"��W��+�,��*NTO�!#"8Q,�#N,& 95% 
f,  ff, fff   �6*�O�!#�
	
M!�����9�#P�5&�N&+�, 7 ���	!�"p!�"��W��+�,��*NTO�!#"8Q,�#N,& 95% 
g, gg, ggg �6*�O�!#�
	
M!�����9�#P�5&�N&+�, 9 ���	!�"p!�"��W��+�,��*NTO�!#"8Q,�#N,& 95% 
h, hh, hhh �6*�O�!#�
	
M!�����9�#P�5&�N&+�, 16 ���	!�"p!�"��W��+�,��*NTO�!#"8Q,�#N,& 95% 
I, ii, iii �6*�O�!#�
	
M!�����9�#P�5&�N&+�, 22 ���	!�"p!�"��W��+�,��*NTO�!#"8Q,�#N,& 95% 
�
"O�!�)�O�!#�
	
M!�����9�#P�5&�{�"*���	N& 

N��N	q�+�,�
	
M!�	N&�6*�O�!#�
	
M!�����9�#P�+�,O�!#"8Q,�#N,& 95% 
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�������# 6.14  OM!��O

�

����"�&'R#� NR "#Q,�"	mT"�&'R#�5&TN$"$���+�,#� glycerol "�9#�9& 0,  
 3, 10 ��� 15 "����"Rm&
�  
 

Glycerol 
          (%) 
�N&+�,+*��� 

 
0 

 
3 

 
10 

 
15 

1 1.62a 2.3 ±0.212a 1.96 ±0.410a 1.53 ±0.078a 
3 3.02b 8.2 ±0.141bb 7.88 ±0.148bb 7.47 ±0.509bb 
6 0.96c 7.59 ±0.247cc 7.10 ±0.035cc 8.95 ±0.728cc 
9 0.74d 9.32 ±0.495dd 10.05 ±0.042dd 5.98 ±0.48ddd 
14 0.44e 5.89 ±0.428ee 7.20 ±0.532eee 6.78 ±0.311eeee 
20 0.172f 6.25 ±0.233ff 6.09 ±0.848fff 8.14 ±0.092ffff 

 
b, bb �6*�O�!#�
	
M!�����9�#P�5&�N&+�, 3 ���	!�"p!�"��W��+�,��*NTO�!#"8Q,�#N,& 95% 
c, cc,   �6*�O�!#�
	
M!�����9�#P�5&�N&+�, 6 ���	!�"p!�"��W��+�,��*NTO�!#"8Q,�#N,& 95% 

d, dd,ddd  �6*�O�!#�
	
M!�����9�#P�5&�N&+�, 9 ���	!�"p!�"��W��+�,��*NTO�!#"8Q,�#N,& 95% 
e, ee, eee, eeee  �6*�O�!#�
	
M!�����9�#P�5&�N&+�, 14 ���	!�"p!�"��W��+�,��*NTO�!#"8Q,�#N,&  

95% 
f,  ff, fff, ffff   �6*�O�!#�
	
M!�����9�#P�5&�N&+�, 20 ���	!�"p!�"��W��+�,��*NTO�!#"8Q,�#N,&  

95% 
�
"O�!�)�O�!#�
	
M!�����9�#P�5& 5&�{�"*���	N& 

N��N	q�+�,�
	
M!�	N&�6*�O�!#�
	
M!�����9�#P�+�,O�!#"8Q,�#N,& 95% 
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�������# 6.15  OM!��O

�

����"�&'R#� NR "#Q,�589 NADH, NADPH ��� Methyl viologen  
 "�a&
N�5)9�
"�m	
��&  
 

6!�"O#� 	
k	��#"�&'R#� (nmole/min) 
Control 0.425 ± 0.007a 
NADH 0.425 ± 0.007a 
NADPH 0.410 ± 0.014a 
Methyl viologen 0.510 ± 0.057aa 

 
 
a, aa  �6*�O�!#�
	
M!�����9�#P�	
k	��#"�&'R#� +�,��*NTO�!#"8Q,�#N,& 95% 
�
"O�!�)�O�!#�
	
M!��9�#P�5&O��N#&�"*���	N& 

N��N	q�+�,�
	
M!�	N&�6*�O�!#�
	
M!�����9�#P�+�,O�!#"8Q,�#N,& 95% 
 
�������# 6.16  OM!��O

�

����"�&'R#� NR "#Q,�589 Succinate salt, Bromophenol blue,  
 Methyl viologen "�a&
N�5)9�
"�m	
��&  
 

6!�"O#� 	
k	��#"�&'R#� (nmole/min) 
Control 1.685 ± 0.049a 
Succinate salt 1.52 ± 0.042a a, aaa 
Bromophenol blue 1.475 ± 0.078aa 
Methyl viologen 1.625 ± 0.007a, aaa 

 
a, aa , aaa�6*�O�!#�
	
M!�����9�#P�	
k	��#"�&'R#� +�,��*NTO�!#"8Q,�#N,& 95% 
�
"O�!�)�O�!#�
	
M!�����9�#P�5&O��N#&�"*���	N& 

N��N	q�+�,�
	
M!�	N&�6*�O�!#�
	
M!�����9�#P�+�,O�!#"8Q,�#N,& 95% 
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�������# 6.17  OM!��O

�

����"�&'R#� NR "#Q,�589 Sodium azide, Sodium Thiocyanate,  
 Arsenic trioxide ��� Potassium Ferricyanide "�a&
N��NT�NW�	
k	��#"�&'R#� 
 

6!�"O#� 	
k	��#"�&'R#� (nmole/min) 
Control 1.21 ± 0.014a 
Sodium azide 0.143 ± 0.014aa 
Sodium thiocyanate 1.078 ± 0.031a 
Arsenic trioxide 1.03 ± 0.226a 
Potassium ferricyanide   1.055 ± 0.148a 

 
a, aa  �6*�O�!#�
	
M!�����9�#P�	
k	��#"�&'R#� +�,��*NTO�!#"8Q,�#N,& 95% 
�
"O�!�)�O�!#�
	
M!�����9�#P�+�,5&O��N#&�"*���	N& 

N��N	q�+�,�
	
M!�	N&�6*�O�!#�
	
M!�����9�#P�+�,O�!#"8Q,�#N,& 95% 
 
�������# 6.18  OM!��O

�

����"�&'R#� NR "#Q,�TM#6!�6	N*)�!T"�&'R#���^)fP#
 0, 4, 30,  
 40, 50, 60 ��� 70 ��n!"R�"R��6  
 

"��! (&!+�) 
 

��^)fP#
(oC) 

 
30 

 
60 

 
90 

0 0.798 ±0.067a 0.599 ±0.001b  

4 0.866 ±0.161a 0.598 ±0.019b  

40 1.569 ±0.163aa 1.764 ±0.309bb 1.670 ±0.169c 
50 1.444 ±0.013aa 0.872 ±0.021bbb 0.839 ±0.0198c 
60 0.280 ±0.003aaa 0.178 ±0.004bbbb  

70 0.110 ±0.053aaa 0.109 ±0.001 bbbbb  
 
a, aa , aaa �6*�O�!#�
	
M!�����9�#P�	
k	��#"�&'R#�5&&!+�+�, 30 +�,��*NTO�!#"8Q,�#N,& 95% 
b, bb, bbb , bbbb, bbbbb �6*�O�!#�
	
M!�����9�#P�5&&!+�+�, 60 ���	!�"p!�"��W��+�,��*NTO�!# 
       "8Q,�#N,& 95% 



 

128 

�
"O�!�)�O�!#�
	
M!�����9�#P�5&O��N#&�"*���	N& 

N��N	q�+�,�
	
M!�	N&�6*�O�!#�
	
M!�����9�#P�+�,O�!#"8Q,�#N,& 95% 
 




